Abstract This article presents our recent studies on the effects of color temperature on the taste sense and the influence of color temperature on bright light
Introduction
Light has a wide range of effects on living things including human beings. For example, the light-dark cycle of sunlight repeated every 24 hours contributes toward adjusting our biological clock to the 24-hour cycles (circadian rhythm) with considerable accuracy (Arendt, 1998) . Especially, morning light of high illuminance intensity (bright light) has been reported to be effective in resetting the human biological clock (Honma et al., 1995) . It has been a well-known fact that bright light is effective not only in improving jetlag but also in treating seasonal affective disorder (SAD) (Küller, 2002) .
Although many researchers have studied the effects of light from a quantitative aspect (Küller, 2002; Tokura and Kim, 2005) , a relatively small number of researchers have directed their attention to the non-visual effects of color temperature from a qualitative aspect. We report here the effects of color temperature on taste and the influence of bright light of different color temperatures during a night rest break.
Effects of Color Temperature of Lighting on Taste Sense
Although we occasionally experience that food looks more or less delicious according to lighting in our daily life, few scientific studies have been conducted to clarify the effects of color temperature and illuminance of lighting on humans' taste sense. Hence, we aimed to show the effects of color temperature and illuminance of lighting on taste sense in this experiment.
Ten male Japanese students (20-30 years, mean age 23Ϯ3.7 years) and ten male Chinese students (20-31 years, mean age 26Ϯ4.6 years) volunteered as subjects. There were no significant differences between the subject groups of Japanese and Chinese on their age, height, and weight.
The experiments were conducted in a lighting laboratory controlled at a temperature of 25°C and relative humidity of 50-60%. The illuminance and color temperature of lighting were measured by a colorimeter (MINOLTA, CL-100).
Two illuminance conditions (200 lx; 1500 lx) and two color temperature conditions ("light bulb color," 3000 K; "daylight color," 7500 K) were combined for a total of four lighting conditions.
Under these various conditions, the cognition thresholds of four common tastes (sweet, sour, bitter and salty) were measured. In order to determine the taste threshold, nine solutions of each basic taste were prepared according to taste intensity. A piece of filter paper 5 mm in diameter immersed in the solution was placed on the surface of each subject's tongue. Then, the subject selected one of the six taste cards indicating the tastes of "sweet," "sour," "salty," "bitter," "water," and "unknown". We also measured the secretion of saliva. More detailed explanation of our methods will be presented elsewhere (Jin et al., 2005) . The effects of color temperature and illuminance were analyzed by two-way analysis of variance (ANOVA) with repeated measures. The level of significance was considered at pϽ0.05.
Among the Japanese subjects, the cognition threshold of sweet taste was significantly (pϽ0.01) lower under the bright light condition of 1500 lx than under the 200 lx condition. The threshold of bitter taste of the Japanese subjects tended (pϽ0.1) to be lower under the bright light than under the 200 lx condition. This indicated an improvement in sensitivity under bright light condition (Fig. 1) . The threshold of bitter taste of the Japanese subjects had a tendency (pϽ0.1) to be lower under the color temperature of 7500 K. Among the Chinese subjects, the thresholds of sweet and bitter tastes significantly (pϽ0.05) decreased under bright light. The threshold of sweet taste also significantly (pϽ0.05) decreased under the higher color temperature condition. Lighting hardly affected the thresholds of sour and salty tastes in either Japanese or Chinese subjects. There was a significant (pϽ0.05) difference in the threshold of salty taste between Japanese and Chinese, reflected by a higher threshold of salty taste among the Chinese subjects.
Secretion of saliva increased in the environment of lower illuminance, and this tendency was consistently found in both Japanese and Chinese. Although the effects of color temperature on secretion of saliva were not found in Japanese subjects, saliva secretion significantly (pϽ0.05) increased under the condition of lower color temperature in Chinese subjects. Our taste sense changes according to illuminance. We are more sensitive to sweet and bitter tastes in a bright environment than in a dimly lit environment. Moreover, higher color temperature, approximating daylight conditions, seems to contribute to increases in taste sensitivity. This phenomenon is probably associated with the fact that human beings are omnivorous animals. Omnivorous animals, including human beings, need to take nutrients from a large variety of food. The taste sense plays an important role in judging whether the food contains sugar as an energy source (sweet taste), whether it is toxic or not (bitter taste), whether it is rotten or not (sour taste) and whether it contains minerals (salty taste) (Kobayashi, 2003) . Because human beings are diurnal animals, they originally walked around in search of food in the bright daylight. It is quite reasonable that their taste sensitivity increases in such an environment.
Generally, secretion of saliva increases while we are in a relaxed state (Okura et al., 2000) . Saliva is secreted from the salivary gland, which is regulated by the autonomic nervous system. The sympathetic nervous system regulates secretion of a small amount of sticky condensed saliva, while the parasympathetic nervous system regulates secretion of thin diluted saliva. Secretion of a large amount of thin diluted saliva in a relaxed state promotes mastication and digestion of food. We would like to have meals in a comfortable and relaxed state. The ideal condition for having meals seems to be the lighting environment of lower illuminance and lower color temperature.
Influence of Color Temperatures of Lighting during the Night Rest Period
Our ancestors had a common pattern of daily life. They woke up at sunrise, stopped working at sunset, took rest and then went to sleep. In the current society, living hours significantly vary from person to person. Individuals whose work schedules require them to engage in late-night and earlymorning shifts are forced to live an irregular life (Ahasan et al., 2001 ). This working environment has created serious social problems. Various types of accidents are concentrated in the period from night to early morning when humans' abilities to make judgments and adapt to circumstances are their lowest. It has been reported that the incidence of accidents is higher in shift work than in fixed-hour work (Flank, 2000) .
Companies that adopt shift work including night shifts are required to provide a napping room (Art. 23, Labor Standards Law). In the actual workplace, however, workers can not always take a nap because of their busy production schedules and mental and physical stress (Sasaki et al., 1996a) . As an alternative to taking naps, exposure to bright light during a night rest period has attracted many researchers' attention. Their studies have demonstrated the many advantages of this treatment. For example, compared with exposure to light of low illuminance intensity, exposure to bright light during the night rest period is more effective in maintaining higher levels of arousal and task performance (Sasaki et al., 1996b) . Exposure to bright light during a night rest period contributes to improvement of appetite, eagerness and vigor for work (Iwata et al., 1997) . No researchers, however, have reported the influence of color temperatures of lighting.
In our experiment, subjects were exposed to bright light of different color temperatures during a night rest period to evaluate these factors' influence on physiological and psychological functions following the rest period.
The subjects were six healthy male Japanese students (20-25 years, mean age 22Ϯ1.9 years). One week before the initiation of each experiment, they were advised to follow certain rules in their daily lives. They were allowed to sleep for 7.5 hours from 23:30 h to 07:00 h. They were not allowed to take alcoholic drinks or caffeine-containing food, or to take naps. Two days before the experiment, they were not allowed to perform vigorous exercise. During the experimental period, they recorded their living conditions in an hourly diary.
On the day of an experimental trial, the subjects entered the lighting laboratory at 22:30 h. During the period from 23:00 h to 0:00 h, they performed various mental tasks and underwent physiological measurements before taking a rest break. They took a rest break from 00:00 h to 01:00 h. During the period from 01:00 h to 02:00 h, after taking the rest, the tasks and measurements were performed again. During the experimental period excluding the rest break, the lighting conditions were set at 1000 lx illuminance intensity and 5000 K color temperature. During the rest break, the conditions were adjusted to 3000 lx illuminance intensity and three different color temperatures: 3000 K (light bulb color), 5000 K (white color), and 7000 K (daylight color). Each subject participated in three trials, so that each of these three color temperature could be tested during a rest break. These three trials were scheduled at intervals of at least one week. The orders of color temperatures were counterbalanced.
Before and after the rest break, electroencephalogram (EEG), blood pressure, oral temperature and heart rate measurements were performed. Furthermore, a time prediction task (predicting 60 s), continuous addition of one-digit figures, and subjective evaluation were assigned to the subjects. The results of measurements before the rest break were used as the baseline data to study the influence of the lighting conditions during the rest break. The differences between results of measurements conducted after the rest break (01:00 h, 02:00 h) and the baseline data were calculated, and the effects of time and color temperature were analyzed by the two-way ANOVA with repeated measures.
The a1 band ratio [a1/(a+b)] on EEG recording at the Pz electrode showed a significant (pϽ0.05) interaction between the two factors, time and color temperature. According to the comparison of time at each color temperature condition, only at the color temperature of 3000 K, thea1 band ratio at 02:00 h was significantly higher than that at 1:00 (pϽ0.05) (Fig. 2) . The b band ratio [b/(a+b) ] also showed a significant (pϽ0.05) interaction between time and color temperature. Only at the color temperature of 3000 K, the ratio at 02:00 h was significantly lower than that at 01:00 h (pϽ0.05). These results indicated that exposure to bright light (3000 lx) during the rest break led to reduction of arousal level at a lower color temperature. There were no significant changes in EEG recordings at the color temperatures of 5000 K and 7000 K.
After the rest break, the level of "sleepiness" at the lower color temperature (3000 K) was significantly higher than that at the higher color temperatures (5000 K, 7000 K) (pϽ0.05). The level of "concentration" at the lower color temperature was significantly lower than that at the higher color temperatures (5000 K, 7000 K) (pϽ0.05). Generally, exposure to bright light inhibits the increase in subjective sleepiness (Iwata et al., 1996) . Therefore, our findings of increased sleepiness and reduced concentration at the color temperature of 3000 K are interesting.
The number of continuous addition of one-digit figures answered correctly at the color temperature of 3000 K was significantly smaller than that at the color temperature of 7000 K (pϽ0.05).
These results demonstrated that the influence of exposure to bright light during the night rest period on the physiological functions may vary according to color temperature. At the higher arousal level during the day, lighting at a lower color temperature can be expected to control excessive tension and increase working efficiency. On the contrary, at midnight when the physiological functions are naturally less excited, lighting at a lower color temperature seems to contribute to reduction of arousal level, concentration and performance and increase in sleepiness during the subsequent working hours. Consequently, lighting at a lower color temperature should be avoided in planned environmental exposure to bright light during a night rest period.
Our study focused on unfamiliar themes to which only a few researchers have directed their attention. We could successfully clarify the effects of color temperature on taste and the influence of color temperature in the environment exposed to bright light during a night rest period. Recently, Japanese researchers specializing in physiological anthropology have paid increasing attention to the effect of color temperature. There still remain many problems to be solved, and further progress is expected in the future. Effects of Color Temperature on Physiological Functions   Fig. 2 Changes in a1 band ratio and b band ratio of the subjects exposed to bright light of different color temperatures (3000, 5000, 7000 K) during the night rest period. * pϽ0.05.
